Abstract: Among the commonly used nanofibers production methods, electrospinning has many advantages such as ease of production, possibility of industrialization, nanofibers dimensional control and repeatability. Many parameters affect the characteristics of the nanofibers produced by this method, the most important of these parameters being the applied voltage, the concentration of polymer solution, the sample injection rate, the distance between the needle and the collector, and environmental factors too. Pharmaceutical properties of nanofibers are determined by their composition and structure at the nanoscale. Therefore, the ultimate goal of identify nanostructure and nanofiber morphology must be searching for an atom to an atom on a surface and under the reaction conditions. In this paper, honey nanofibers enriched with antibacterial herbal extracts such as the garlic, mint and edible mushroom are produced by method of electrospinning, by reviewing the effective conditions in preparing them, to achieve nanostructures and optimize conditions. The related nanofibers have ability to repair and regenerate damaged skin and bone tissues as an effective drug, which is especially important for biocompatibility and economics. In this research, nanofibers have been investigated by examining cases affecting structure and performance. The hydroalcoholic extracts and nanofibers are identified by device methods such as GC-Mass (gas chromatography-mass spectrometry), FT-IR (Fourier transform infrared spectroscopy), SEM (scanning electron microscopy) and XRD (X-ray diffraction spectroscopy).
Introduction


Due to the increasing resistance of pathogenic bacteria to antibiotics, researchers are seeking new herbal medicines as alternatives to chemical drugs and antibiotics [1] . In addition to antimicrobial and antiseptic properties, medicinal plants such as garlic, mint an mushrooms have therapeutic properties for skin and bone diseases, as well as the ability to reconstruct and repair these tissues [2] . By extracting these plants and combining it with honey polymer material, which has the same properties for the treatment and repair of broken tissues of the body, and by producing an electrospinning device with a nanoscale, this nanofiber can be used as a medicine in tissue engineering, drug delivery and wound healing [3] [4] [5] [6] .
Garlic with scientific name Allium sativum L. is a natural antibiotic, antifungal and strong antivirus that is rich in folic acid, vitamin C, calcium, iron, magnesium, potassium, and zinc and vitamins B 1 , B 2 and B 3 . Garlic is used as an anticoagulant and as a natural drug for dilution of blood [7] [8] [9] . Garlic is also effective in increasing white blood cells counts [10] . Strong antioxidants in garlic neutralize free radicals that cause aging and strengthen the immune system [11] .
Mint with scientific name Mentha spicata L., has antibacterial, antifungal, anticancer, antifungal and antioxidant properties [12, 13] . Mint extracts and oil are a beneficial for skin. This material regulates skin secretions and makes skin clear and clean in people with oily skin [14, 15] .
Mushroom with scientific name Agaricus bisporus, plays an important role in the elimination of viral, bacterial, fungal, and fungal infections and the resistance of viruses, bacteria and fungi to common antibiotics due to their various polysaccharide compounds [16, 17] . The mushrooms contain vitamins B, C, D and antioxidants. Therapeutic properties of mushroom include anti-inflammatory, anti-cancer and anti-aging properties [18] . It is a strong antioxidant and natural moisturizer. Therefore, its extract is used as an active ingredient in topical creams, serums and facial products today [19] .
Honey is known as a natural substance with the most potent antibacterial property. This material is the simplest and most studied activity and antibacterial and disinfectant effect. Its antibacterial activity is usually attributed to high sugar content and acidity [20] . It is used as a conventional treatment for wounds, burns and wounds disinfection. United States National Honey Association, because it contains a small amount of different types of vitamins and minerals (niacin, riboflavin, pantothenic acid, aluminum, calcium, chromium, chlorine, copper, iron, magnesium, manganese, phosphorus, potassium, selenium, silica, sodium, sulfur and zinc), it is highly recommended for honey [21] .
When a drug is mixed with honey, it is quickly and easily absorbed by the body, and the whole body system and blood circulation are effective. In the meantime, honey preserves its medicinal properties and its effects remain for a long time [22] .
Honey is a natural polymer, due to its biocompatibility, biodegradability and non-toxicity. It has the potential to be used in various fields, including medical and pharmaceutical industries. The herbal nanofibers are prepared by a combination of drug extraction and electrospinning, and will be studied under different operating conditions [23] . Electrospinning nanofibers are used with a unique structure as a three-dimensional grid for tissue engineering and scaffolds for tissue growth. Polymer nanofibers have a wide range of applications due to properties such as delicacy and surface to volume ratio, high porosity, three-dimensional grid capability and having favourable mechanical and biological properties. By locating these herbal nanomaterials on wounds and damaged tissues, they can be regenerated to a considerable extent. Because of providing a location for adhesion, increased contact surface, support for large cell mass and the ability to form a special structure, porous scaffolding has special importance in textiles engineering. Polymer matrices are made of natural and synthetic polymers to create a structure similar to the natural extracellular matrix (ECM) [24] .
In this research work, the production and properties analysis of honey nanofibers enriched with antibacterial herbal extracts for repair and regeneration of skin and bone damaged tissues were discussed.
Experimental
Preparation of Hydroalcoholic Extracts
Initially, garlic, fresh mint and edible mushroom were prepared. Then, the young and healthy plants were isolated. Extraction of hydroalcoholic extract of dried and crushed plants using continuous extraction method was carried out with Soxhlet system and heat at boiling point of ethanol solvent. For this purpose, about 200 g of powder of the desired plants were weighed by Then, they were stored in glass containers in the refrigerator until they were used.
Method of Chemical Compounds Analysis of Extracts
Since the compounds in the extract are known in terms of molecular weight and polarity as volatile substances, the analysis of the chemical compounds of the extract of the tested plants was carried out by a gas chromatography coupled to mass spectrometry (Agilent 5975 C type, made in USA). To determine the type of bonds present in the sample, analysis was performed by FT-IR spectrometer (Bruker, Alpha).
Production of Nanofibers
Electrospinning is a common, simple and effective method for the production of separated polymeric nanofibers, in which only a small amount of polymer is needed to produce nanofibers. The basis of the electrospinning process is based on the elongation of the polymer fluid. The equipment used for this technique includes high voltage power supply, pump, spinner and collector. The properties of the formed nanofibers depend on molecular weight, surface tension, viscosity, conductivity of solution, dielectric constant of solvent, potential difference, the distance between the syringe tip (the nozzle head) and the wheel (collector), feed rate, temperature, effect of collector, needle diameter, moisture content and environmental factors.
Steps to Doing Research Work
In this paper, honey nanofibers enriched with antibacterial herbal extracts have been studied for repair and regeneration of skin and bone tissues with the help of the electrospinning process. Firstly, the extracts should be prepared by a soxhlet extraction method. In order to prepare a polymeric solution, various amounts of honey as a biodegradable polymer were dissolved in ethanol. Then, equal volume ratios of the desired extracts were added to the polymer solution (70: 10: 10:10) and located in room temperature under the stirrer at 300 rpm for 1 hour. The speed and mode of mixing is very important in preparing the solution, because the solution will be smooth and homogeneous.
Finally, the obtained mixtures were located under different conditions of electrospinning by laboratory machine Three Side Lab ES model, manufacture in Nanoazma Company. For the production of nanofibers, different conditions were compared with each other, and the best conditions were obtained for producing the coating on the nanoscale and also the identical.
During the electrospinning process, the final polymeric solutions with different viscosity were poured separately into a 5 mL plastic syringe with an internal diameter of 13 mm. The syringe was connected to a stainless steel needle with a diameter of 0.7 mm (gauge 18) with a smooth tip, by connector (silicone hose). The air inside the syringe and needle was removed by pressing the solution, completely.
The needle tip is connected to the positive pole and the collector plate is connected to the negative pole instead of the earthing system. In order to control the flow of polymeric solution and having a stable and constant polymer flow, the syringe was placed on a syringe driver. This pump moves back and forth at speeds of 20 mm/s.
The electrospinning process was carried out at an injection rate (outflow rate) in the range of 0.3-0.8 mL/hr. The applied voltage between the needle tip and the collector drum coated with an aluminum sheet was under a potential difference in the range of 10-25 kV. The polymer solution was sent to a rotating aluminum cylinder as a nanofibers collector (with a diameter of 8
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cm and a length of 30 cm), that it was located 10 cm from the needle tip. In order to leave the solvent and residual water, the electrospun samples were located in room temperature for one day to dry completely. All experiments were performed in a lab environment at a temperature of about 25 °C, and the polymer solutions were used after preparation in the electrospinning process, immediately. In order to carry out electrospinning process tests, to achieve the appropriate thickness of the nanofibers scaffolds that can be removed from the aluminum foil, the electrospinning process was performed for 6 hours and was used from circular collector plate at 400 rpm. Finally, the morphology and diameter of the electrospun nanofibers were studied using the Scanning Electron Microscope (S-360 Oxford Eng. model), and analyzed using image analysis software (ImageJ 1.44p). The optimal sample was analyzed by X-Ray Diffraction machine (Inel-model, France). If nanofibrous scaffolds containing the cultured cells transplanted into the patient's body (on the wounded tissue), they will repair damaged tissues. In fact, from the perspective of biological, body membranes such as blood vessels, cartilage, skeletal system, nerve and skin are similar to electrospun nanofibers. In order to investigate the stability of the nanofibers scaffold in the body tissue, scaffolds of the nanofibers containing the extract were immersed in acetate buffer for 24 hours at 37 °C. Then, the removed samples from the solution were located at room temperature for 24 hours to dry completely. After that, changes in the structure of nanofibers scaffolds were investigated by SEM electron microscope before and after than located in acetate buffer solution.
Results and Discussion
Determine the Type and Amount of Identified Compounds from the Extracts
The GC-Mass results were analyzed using various sources, and IUPAC and the common names of the chemical compounds identified were presented in the original interpretation. In garlic extract, compounds containing diallyl disulfide (25.27%), trisulfide, di-2-propenyl (20.01%), diallyl tetrasulfide (18.45%), methyl allyl trisulfide (13.02%), nitrosothymol (7.04%) and diallyl sulfide (5.17%) were analyzed as the main components of the substance. The total compounds detected from garlic extract with using GC-Mass analysis are shown in Table 1 .
Differences in the obtained chemical compounds from extracts by different researchers can be attributed to changes in weather conditions, harvest time, type of fertilizer used, position and geographical location of cultivation of crops and other influences [25, 26] .
The extract of this plant contains sulfur compounds that fight cancer. It strengthens bone tissue, also maintains the health of blood vessels. Garlic helps to prevent the formation of blood clots by increasing fibrinolytic activity, increasing coagulation Table 1 The compounds identified from garlic extract using gas chromatography-mass spectrometry (GC-MS). and flocculation and platelet aggregation [27] . The structural formulas of the obtained main chemical compounds from the garlic extract with using GC-Mass analysis are shown in Fig. 1 . In mint extract, compounds containing Menthol (43.31%), Mentone (19.43%), Menthyl acetate (9.78%), Neomenthol (6.13%) and 1,8-Cineole (5.81%) were analyzed as the main components of the substance. The total compounds detected from mint extract with using GC-Mass analysis are shown in Table 2 .
The main ingredients of mint extract are including menthol and mentone. Menthol stimulates the senses of cold feel in the skin, selectively. This material blocks the sensitive channels of sodium, and stimulates the muscles by reducing their activity. Also, taking it on the skin causes the vessels to dilate and creates a feeling of coldness, which leads to the appearance of an analgesic effect by inducing local anesthesia. Mentone is a monoterpene with spicy taste that exists in a number of essential oils, naturally. The mentone structure is similar to menthol, that there is a secondary alcohol functional group instead of the carbonyl functional group [28] . The structural formula of the obtained main chemical compounds from the mint extract with using GC-Mass analysis is shown in Fig. 2 . Fig. 1 The structural formula of the main compounds obtained from the garlic extract by GC-Mass. Table 2 The compounds identified from mint extract using gas chromatography-mass spectrometry (GC-MS). Fig. 2 The structural formula of the main compounds obtained from the mint extract by GC-Mass. Table 3 The compounds identified from the edible mushroom extract using gas chromatography-mass spectrometry (GC-MS). hexane-2,6-di(isonitrile), 1-(formyloxymethyl) (9.17%), methanamine, N-pentylidene (9.14%), 6-oxabicyclo[3.1.0]hexane-3-carbonitrile (7.35%) and butanal, oxime (6.41%) were analyzed as the main components of the substance. The total compounds detected from mushroom extract with using GC-Mass analysis are shown in Table 3 .
The edible mushrooms have low energy content and do not have cholesterol, fat and gluten. Their sodium levels are low, but instead they contain large amounts of selenium, potassium, riboflavin, niacin and vitamin D. Mushrooms contain lectins, which fight cancer cells, and prevent their proliferation. Also, mushrooms have polysaccharides that boost the immune system [29] . The structural formula of the obtained main chemical compounds from the edible mushroom extract with
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using GC-Mass analysis is shown in Fig. 3 .
Analysis and Interpretation of the FT-IR Spectrum of Obtained Solid Mass from the Evaporation of Extracts
Infrared spectroscopy is based on absorption of radiation and the study of the vibrational mutations of molecules and multi-atomic ions. This method is used as a powerful and developed method for determining the structure and measurement of chemical species. The interaction of infrared radiation with a sample causes changes in the vibration energy of bond in its molecules, and it is a suitable method for identification of functional groups and molecular structures (Figs. 4  to 6 and Tables 4 to 6). 
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The Effective Parameters on Electrospinning Process
Electrospinning technique is known as one of the most diverse methods for making nanofibers via electrostatic. Many factors and components are effective on the electrospinning process, and these components can combine into hundreds of different modes. The components were studied in four groups including: components of raw materials, components of electrospinning solution properties, components of process conditions and components of environmental factors. Each of components has subcategories that cause a large variety in the production of fibrous nanostructures. It should be noted that due to the wide range of materials and conditions, the conditions for the change of these components cannot be considered as a fixed and unchanged law, because each of these components can be significantly influenced by other components at a significance level [30] .
3.3.1 Structure and Properties of Polymer Material
of honey weight is composed of carbohydrate, and the rest is composed of proteins, mineral salts, aroma compound, enzymes, vitamins, pollen and a small amount of water. The electrospinning behavior of any polymer material depends on its basic chemical structure, and they affect the applications of that material, primarily. For example, biocompatible polymer materials play a direct role in biocompatibility of nanofibers. Molecular weight: concentration and viscosity are the function of the original chemical structure of the polymer. In this paper, honey polymer material was used to produce nanofibers. The chemical composition of honey is diverse and complex.
Properties of Electrospinning Solution
By increasing the viscosity, the number of beads decreases. The absolute viscosity (dynamic or shear viscosity) of honey was measured by an Ostwald viscometer at a laboratory temperature (20 °C) and was calculated to be approximately 10,000 gr/cm.sec or 10,000 cps. Therefore, the momentum diffusivity (kinematic viscosity) was approximately equal to 80 cm 2 /sec or 7092 cst.
The role of solvent in electrospinning is effective and very important. It affects the electrospining process from different aspects. The nanofibers morphology is directly related to the solvents used. In this work, ethanol solvent was used to produce nanofibers. Also, in order to carry out the ventilation process in the electrospinning machine, the solvent exits from the conducive metal cage by a fan with the ability to operate time scheduling.
The amount of surface tension of honey is low and, as it was mentioned earlier, it is used as a suitable moisture absorbing material in making make-up products. Of course, the type of geographic area where honey is produced can affect its surface tension. Existence of surface tensile property leads to high adhesion to honey, and if the surface tension of honey is lower than its desired limit, the honey loses its adhesion and fluid quickly.
The dielectric constant is an important physical parameter for measuring the relative permittivity of a dielectric material. The solvent dielectric constant has a significant effect on electrospinning. This parameter is a criterion for polymer solution polarity. By increasing the dielectric constant, fewer beads and fibers with smaller diameter are produced. The dielectric constant of ethanol as solvent used in this research work at room temperature (25 °C) is 24.3.
Process Conditions
According to previous study [31] , it has been shown that increasing the applied voltage will increase the diameter of the produced nanofibers. Researchers say this is due to the more injection of the polymer into electrospinning jet. Also, at a lower voltage, by decreasing jet acceleration and weakening of the electric field, the electrospinning jet flight time increases, which is desirable for smaller fibers formation. Therefore, the voltage close to critical voltage can be suitable for achieving thinner fibers. In most cases, a higher voltage causes greater stretching of the solution because of the greater columbic forces in the jet as well as a stronger electric field and these effects are effective in reducing the diameter of the fibers and help to evaporate faster solvent and dry the fibers. In practice, at higher voltages (higher than the critical voltage), there is more tendency to form seeds. By changing the voltage of the device, the most favorable voltage for the production of nonbead nanofibers with a size uniform distribution with a minimum of droplet was selected on a 20,000-volt aluminum rotary collector.
Flow rate or jet flow velocity is the rate of arrival of the polymer mixture into the pump in order to form a taylor cone. In ideal mode, the flow rate should match the transfer rate of solution from needle tip. Under these conditions, nanofibers are obtained long and with uniform diameters. When the flow rate increases, the fibers diameter or the size of the beads increases, accordingly. In general, lower flow rate is preferable because of more time spent on evaporation.
Injection systems in electrospinning machine (Three Side Lab ES model, manufacture in Nanoazma Company) used in this paper prepare the flow rates
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The Main Characteristics of the Nano-fiber Layers
Morphology and Arrangement
The average diameter of the fibers, the surface porosity and the layers of the nanofibers, the hydrophobicity of the nanofibers and their layers are dependent on their morphology and microstructure. In this work, the morphology of electrospinning nanofibers was studied by SEM and data on the size and distribution of cavities were analyzed.
The images of SEM obtained from electrospinning of honey polymer solution nanofibers show the smooth, continuous and non-bead nanofibers with an average diameter of 240 nm. The images of the SEM microscope show that adding 5% of garlic-mint-mushroom extract with equal volumetric ratios to the honey polymer solution and performing the electrospinning process produces uniform and continuous and non-bead nanofibers with an average diameter of 110 nm. Because nanofibers containing 10% and 15% of garlic-mint-mushroom extract with equal volumetric ratios produce non-uniform, multi-diagonal fibers with an average diameter of 140 and 170 nm and whit the presence of bead on the fibers. Therefore, they are undesirable in terms of morphology, and they were ignored in continue research (Fig. 7) .
In order to investigate the stability of nanofibres scaffold in human body, the honey polymer nanofibers enriched with antibacterial herbal extracts were immersed in acetate buffer solution with pH = 5.5 at 37 °C for 24 hours. Then, the samples removed from the solution were placed at room temperature (25 °C) for 24 hours until completely dry. After that, changes in the structure of nanofibers scaffolds were investigated by SEM before and after than located in acetate buffer solution. The results of research showed that the samples containing the honey polymer nanofibers enriched with antibacterial herbal extracts, in the presence of acetate buffer solution, retained their structure after 24 hours, completely.
The stability of nanofiber scaffolds is due to the presence of honey and the incorporation of the molecules of this polymer. Investigation of water absorption by nanofibers scaffold showed that increasing the amount of water absorption and water content by adding antibacterial herbal extracts to honey polymer. By increasing the swelling rate of nanofiber scaffold, the antibacterial active ingredient is released faster than the nanofibers and into its release environment.
Increasing the swelling rate means that the nanofibers scaffold retains more moisture. As a result, at all stages of tissue repair, the discussed surface is somewhat moist. This will cause that the nanofibres scaffold does not stick to the wound, and when it is removed from the surface of the wound, it does not cause a patient's discomfort, and oxygen transit on it is done easily. In this way, the rate of repair and regeneration of the skin and bone tissue of damaged is increased (Fig. 8). 3.4.2 Molecular Structure The molecular structure of nanofibers is effective on the mechanical, optical and thermal behavior of its layers. Chemical operations of nanofibres after electrospinning create favorable changes in the chemical structure of polymer molecules. In this research, the crystalline structure electrospun polymer nanofibres were investigated of X-ray diffraction spectroscopy (XRD). XRD analysis was obtained for the most optimum electrospun nanofibers with amorphous structure and 2θ = 19 (Fig. 9 ).
Conclusions
A summary of the effects of parameters on the morphology of produced nanofibers by electrospinning process is provided as following:
 Viscosity plays an important role in beads formation, and these defects are reduced by increasing viscosity (kinematic viscosity = 80 cm 2 /sec).
 The high voltage power supply should be sufficiently capable of being overcome the viscosity and surface tension of polymer solutions and create jet (Voltage 20,000 volts).  The solvent vapor pressure, which determines the rate of evaporation, should be such that the solvent is evaporated completely during the time that the fibers reach to the collector and removed from the polymer (ethanol).  The flow rate should be equal to the transfer rate of solution from needle for establishing mass balance. In this condition, charges on the jet increase with increasing flow rate (flow rate = 1.4 mL/h).  The fibers that accumulate on the surface of the insulator, often have a lower density than those that accumulate on the conductor surface (at ambient temperature).  Reducing the diameter of the needle aperture to a certain value can reduce the diameter of the fiber (needle number = 20) . The distance between the nozzle and the collector plate should be such that provided possibility of complete evaporation of the solvent before being placed on the collector (15 centimeters).
 Optimum pressure and temperature should be used to produce the fibers with appropriate morphology (ambient pressure and temperature).
